A finite element analysis software has been used in order to determine several mechanical properties for samples made from unidirectional composite materials. Plates from reinforced unidirectional fiber glass polymer composites obtained by compression hand lay-up process were studied.Tensile tests were performed upon samples with different number and orientation of the composite ply layup.
Introduction
Composite materials represent a class of engineering materials with great scientific and technical interest. They are not only a perfect replacement for ferrous or non-ferrous materials, but also materials to solving technical problems in the whole range of different industries. Currently its properties and quality, polymer composite materials have a wide applicability in a number of areas such as building and civil engineering, electrical engineering, electronics, road, rail and marine, aeronautical and aerospace technique etc. [1] [2] [3] .
The major advantage of the composites consists in the possibility of modeling the properties and obtaining a wide range of materials. In most cases, the composite comprises a base material, the matrix, in which a complementary material is dispersed in the form of fibers or particles, and the main properties that are intended to be obtained in an improved form are: tensile strength, wear resistance, density, high temperature resistance, superficial hardness, dimensional stability, vibration damping capacity.
Engineering calculation is an essential part of the design process, be it constructive or technological design. The great variety of issues that the engineer has to solve is reflected in the many computational methods currently used. These methods have gradually developed, as the theoretical and technological knowledge accumulates, in the last half century [4] [5] [6] [7] .
The finite element method is currently the most widely used numerical solution for engineering problems. The Finite Element Analyses (FEA) is a numerical solution of the problems that can be expressed in mathematical language in the form of partial derivative equation systems [8] .
When applying FEA, the occupied domain of the physical system that we analyse, is meshed in finite subdomains bounded by rectilinear or curvilinear boundaries. Through this operation, the real system is replaced with a network of so-called finite elements.
The differential equations that describe the system behavior will be verified for each element. The mathematical construction of the finite elements ensures a certain degree of approximation continuity at crossing of the boundary between the elements. Continuity is realised using remarkable points associated with the elements (known as nodes). In fact, the approximation of the exact solution problem results as a function of the unknown values in the respective nodes. Applying FEA, we obtain a system of equations that is numerically solved in relation to nodal unknown values.
The mesh uses thousands or even tens of thousands of finite elements. In the last years, a series of finite element computational programs have appeared and function as integrated modules in CAD systems. One example is SolidWorks Simulation.
The paper analyse unidirectional composite samples using SolidWorks Simulation Software. The program can optimize material selection, the number and orientation of the composite ply layup to ensure product quality, performance and factor of safety.
Using SolidWorks Simulation Software to analyse the composite parts we can reduce the need for costly prototypes and save time and development costs. Each layer can be defined by a unique set of material properties and orientation, giving the designer maximum control to find the optimum layup and material for maximum product performance [9] [10] [11] [12] [13] [14] [15] .
The paper will analyze the mechanical characteristics for different polymer composite structures, both by finite element simulations and by experimental determinations. It will identify all factors influencing the quality, productivity and competitiveness of products made and will study all the phenomena that accompany the process of forming parts.
The results will be used to obtain new reinforced polymer composites at lower costs, technical and mechanical properties as high in order to use them in more and more fields.
Method and materials
The material used is unidirectional fibers glass tissue 225 g/m 2 and polyester resin, Poliester Norpol 440-M750 type, as a matrix.
The polyester resin is orthophthalic thixotropized. The technical properties of the resin are: Brookfield viscosity at 25 ºC: 250-350 mPa.s; Density at 25 ºC: 1350 kg/m 3 ; Gel time with 2% MEC (methyl-ethyl-ketone) in 100g resin: 8-15 min; Exothermic peak: 160-190 ºC; Exothermic peak time: 15-23 min; Colour: transparent pink.
The manufacturing process was achieved at ambient temperature of 20 °C. The technology applied was compression hand lay-up technology, [16] [17] [18] [19] . Different plates with different reinforced grade were obtained. Separate composite plates from each of reinforced type were made. The samples were cut from the obtained plates on three angles directions of the fibers, like 0º, 90º and 45 º relative to direction of stress.
To determine the mechanical resistances of composite plates was done experimental trials at tensile tests.
The samples dimensions obtained from unidirectional tissue and tested on longitudinal direction were cut at 15x1x250 mm dimensions according to ISO 527-5 A, and the samples dimensions obtained from unidirectional tissue and tested on transversal direction were cut at 25x2x250 mm dimensions, according to ISO 527-5 B.
In order to highlight the influence of pressure on the mechanical properties at tensile tests of the lamine groups, unidirectional composite plates were made by compression hand lay-up process using a pressure of 0,16 MPa. Before polymerization, after the layers were achieved, the mold that consists of two metal plates (300 x 300 mm), is compressed with a power-press to homogenize the structure, to remove the exceeded resin and to increase the reinforcement degree. The compression of composite plates was achieved on the tensilecompression test machine, which is provided with calibrated dial indicating the value of applied force.
Tensile tests were performed upon samples with fibers tilted at 0°, 45° and 90° angles relative to direction of stress.
The results of the tensile tests for the samples that use unidirectional fabric are shown in Table 1 , where: Mf -reinforced grade, A=bxh -section aria of the sample, E -elastic modulus, Fmax -maximum broken force, σr -tensile strength. It is noted that in the case of the UD 225 g/m 2 / Polyester Norpol 440-M750 composite, the value of the breaking strength at 45° fiber reinforcement angle decreases with 87,99% compared to the reinforcement at 0º and with 91,71% in the case of reinforcement at 90º.
Finite element analyses
The Finite Element Analyses is a numerical solution of the problems that can be expressed in mathematical language in the form of partial derivative equation systems. At the FEA base exists the meshing concept. In very intuitive terms, the meshing operation is a division of the spatial domain occupied by the analyzed body into regions of limited sizes known as finite elements. This paper analyses samples using the SolidWorks Simulation Software. The analysis proposes as the first objective to determine the stress state and the deformation of the samples. A mesh with 3731 nods and 1732 elements has been generated, Figure 1 . The right side of the sample is rigid fixed at the end, and at the left side we have a imposed displacement of 4,50 mm, presented in Figure 2 . The samples realized from unidirectional tissue with polyester matrix was made from 3 plies with the thickness of 0,33 mm at a reinforced angle by 0 o .
Fig. 2. Displacement distribution.
The SolidWorks Simulation finite elements program is used to point out the applicability of failure samples. The deformation of samples at tensile testing was analyzed. The visualization and interpretation of the simulation's results have been made with the help of SolidWorks Simulation module. This realizes the graphical representation of the numerical results. Thus, Figure 3 presents the distribution of von Mises equivalent stress in configuration of failure sample. It is observed that the maximum value for unidirectional tissue is 436,383 N/mm 2 . We can conclude that the composite that use in the structure unidirectional tissue obtained similar values for the result forces, both in the experimental part and in the FEA simulation (Table 1, Figure 4) . The maximum value for unidirectional tissue with a reinforced angle of 90º is 54,548 N/mm 2 . The presented examples demonstrate the possibility of implementing the proposed model in the structure of finite element analysis programs. We can observe, that the FEA results are very close to the test results.
Conclusions
The paper analyzes the mechanical characteristics for unidirectional glass polyester composite structures, both by finite element simulations and by experimental determinations.
The mechanical behavior of the polymer-composite materials depends by the nature and by the reinforcing material, and by the technological procedure. designed, by taking into account the reinforcement degree, the number and the orientation of the plies, the thickness ply, Young modulus, maximum broken force, tensile strength. The structure of the reinforcing material will influence the mechanical characteristics.
Applying a pressure to the composite plate during the hand lay-up process is beneficial because by the removal of exceeded resin the reinforcement degree increases which leads to a growth of mechanical strength characteristics.
By using SolidWorks Simulation Software to analyse the composite parts we reduce the need for costly prototypes and save time and development costs. Each layer can be defined by a unique set of material properties and orientation, giving the designer maximum control to find the optimum layup and material for maximum product performance.
We conclude, that the composite, that use in the structure unidirectional tissue, obtained similar values for the result forces, both in the experimental part and in the FEA simulation.
Making a comparison between results, it is obvious that the FEA results are very close to the test results. This means that the FEA is validated by the test results.
